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INOSITOL-BASED MOLECULAR TRANSPORTERS AND 
PROCESSES FOR THE PREPARATION THEREOF 

FIELD OF THE INVENTION 

5 

The present invention relates to inositol-based molecular transporters and 
processes for the preparation thereof. 

BACKGROUND OF THE INVENTION 

10 

The plasma membrane of a cell separates the cytoplasm of the cell from 
tibie environment, and it is primarily conq>osed of a phospholipid bilayer and 
proteins embedded within tiie bilayer or attached to the surface thereof. 
Normally the plasma membrane functions as a gate-keeper which allows essential 

15 substances to enter and exit the cell. However, the cell plasma membrane is a 
selective permeability barrier which blocks the passage of many useful therapeutic 
agents: hydrophilic molecules, highly charged molecules and macromolecules 
such as peptides and oligonucleotides, e.g., nucleic acid or gene, cannot be 
transported across the plasma membrane. Therefore, there has been a need for a 

20 reliable means of transporting dmgs and macromolecules into cells. 

Heretofore, a number of transporter molecules have been proposed to 
escort molecules across biological membranes. The proposed transporter 
molecules are lipids having positively charged residues, polymers of positively 
charged residues such as poly-lysine, and dendrimers having positively charged 

25 residues. However, such lipids, polymers and dendrimers have a common 
problem in that they are not easily soluble or biodegradable, and hence, precipitate 
in a cell to induce toxicity. 

The basic region (i.e., AA 49-57) of Tat protein, which is a necessary 
trans-activator of HIV virus reproduction, has been reported to play a critical role 

30 in the process of the protein permeation through the plasma membrane. Proteins 
having a PTD (i.e., protein transduction domain) like the Tat basic region, that 
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allows peimeation through the plasma membrane include Antennapedia (Antp) 
homeodomain protem. Herpes virus protein VP22» Nuclear loca]i2»tion signal 
(NLS) sequence and tiie like, as shown in Table 1 . 


5 <Table 1> 


Protein Imving 
PTD 

Amino add sequence 

SEQ 

ID 

NO; 

HIV-1 Tat 
(48-60) 

GRKKRRQRRRPPQ 

1 

Antp (43-58) 

RQIKIWFQNRRMKWKK 

2 

VP22 (267-300) 

DAATATRGRSAASRPTERDRAPARSASRPRRPVE 

3 

SV40-NLS 

PKKKRKVC 

4 

Nucleoplasmin 

KRPAAIKKAGOAKKKKC 

5 

NF-kB 

PMLKORKRQA 

6 

mv-l Rev 
(34-50) 

RQARRNRRRKWRERQRG 

7 

FHV Coat 
(35-49) 

RRRNRTRRNRRRVRRGC 

8 


The above proteins seem to be capable of permeating across biological 
membranes without help of any specific receptor or transporter associated witii the 
cell. Further, tiiey share a common feature in that they mainly consist of basic 

10 amino acids, especially arginine and lysine. 

Various hypotheses have been proposed with regard to the transmembrane 
mechanism of these proteins. One of the most plausible among them is that such 
proteins having a PTD can be transported into a cell by endocytosis-like process. 
Lebleu et al, (2003) determined using fluorescence activated cell sorter (FACS) 

15 that HIV-1 Tat (AA 48-60) and arginine nonamer (Arg9) are transported into a cell 
by endocytosis. However, the basic mechanism thereof has not yet been 
elucidated (Lebleu, B. et al., Biol. Chem., 278, 585, (2003)). 

Further, there have been reported various studies to prepare oligomers 
having a plurality of arginine residues so as to have a high permeability into a cell. 

20 For example, Mann et al. (1991) showed that Tat protein is effective in enhancing 
the transportation of molecules attached thereto across a biological membrane. 
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However, he also reported the problem that the total number of Tat proteins 
actually delivered into a cell is limited, because they are water-insoluble and too 
strongly bound to the cell surface, which leads to agglomeration among 
themselves (Mann, D. A. et al., EMBOX, 10, 1733 (1991)). 
5 Barsoum et al. (1994) showed fliat shorter fragments of Tat protein (AA 1- 

72) and other fragments of tiie Tat protein containing the Tat basic region (AA 37- 
58) are also efiTective in enhancing the transportation of molecules attached tiiereto 
across a biological membrane. This study has shown that small, peptides 
composed of amino acid residues contribute to the enhanced transportation of the 
10 molecules attached thereto across a biological membrane (Barsoum, J. et al., Proc. 
Natl Acad. Set U.S.A., 91, 664(1994)). 

Futaki et al. (2001) examined membrane permeabilities into mouse 
macrophage RAW264.7 cell of various peptides having a plurality of aiginine 
residues by way of attaching thereto a fluorescent tag. The result revealed that a 
IS peptide having many arginine residues shows a permeability similar to that of Tat 
protein (AA 49-57), and an oligomer having eight (8) arginine residues is most 
effective in enhancing the transportation of molecules attached thereto across a 
biological membrane (Futaki, S. et al., J. Biol Chem., 276, 5836 (2001)). These 
studies suggest that the guanidinium group of aiginine is essential in the 
20 transportation of molecules attached thereto across a biological membrane. 

Wender et al. (2000) designed a peptoid molecular transporter based on 
tiie fact that the biological membrane permeability depends on the number of the 
guanidinium group in a peptide, the length of the linker chain and chirality etc. 
Specifically, he noted that an L-arginine nonamer is 20-times more effective in the 
25 transportation aoross a biological membrane than Tat protein (AA 49-57), and a 
D-arginine nonamer is also significantly more effective in the transportation into a 
Jurkat cell, as was determined using FACS. Accordingly, the penneabilily of a 
peptoid having guanidinium groups is not significantly affected by the chirality of 
the amino acid (U.S. Patent No. 6,495,663 and Wender, R A. et al., Proc. Natl 
30 Acad, Sci. U.SA., 97, 13003 (2000)). However, such polyarginine peptide or 
peptoid molecules have the problems of rapid metabolisni and elimination through 
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the liver and kidney as well as their in vivo toxicity liability. 

The present invention is based on the finding that inositol derivatives 
prepared from myo-inositol and a plurality of positively charged guanidinium 
groups significantly enhances flie transportation of various therapeutic molecules 
5 attached tiiereto across a biological membrane. 

SUMMARY OF THE INVENTION 

It is the objective of the present invention to provide inositol-based 
10 molecular transporters, which are effective in the transportation of therapeutic 
molecules across a biological membrane and processes for the preparation thereof. 

It is another objective of the present invention to provide a composition 
for delivering a therapeutic molecule into a cell, comprising tibie inositol-based 
transporter. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objectives and features of the present invention will 
become apparent from the following description of the invention, when taken in 
20 conjunction with the accompanying drawings, in which: 

Fig. 1 shows comparative degrees of plasma membrane transnussion of 
various compounds, dansyl-Arg9 (1), the intermediate prepared in Example 1-6) 
having no guanidinium group (2), and the inositol derivatives in accordance with 
Examples 1 and 2 of the present invention (3 to 5); and 
25 Fig- 2 presents comparative degrees of nuclear membrane transmission of 

a various compounds, dansyl-Argp (1), the intermediate prepared in Example 1-6) 
having no guanidinium group (2), and the inositol derivatives in accordance with 
Examples 1 and 2 of the present invention (3 to 5). 

30 DETAILED DESCRIPTION OF THE INVENTION 
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In accordance with one aspect of the present invention^ there is provided 
an inositol derivative of formula (I): 


and are each independently H, alkyl, arylalkyl, cycloalkyl, heteroalkyl, - 
(CH2)niNHR', -(CH2)iC02R", -COR'" or -SO2R"", where R% R", R'" and R"" are 
10 each alkyl, m is an integer in fhe range of 2 to S, and 1 is an integer in the range of 
1 to5; 

p is an integer in the range of 0 to 2; and 

X and X* are each independently -O-CO-O-, -0-C0-NH-(CH2)m-0-, -O-CO- 
(CH2)rO- or -0-(CH2)rCO-NH-(CH2)m-0-, where m and 1 are the same as defined 
15 above. 

In accordance with another aspect of the present invention, there is 
provided a method for preparing the inositol derivatives of formula (I), comprising 
the steps of: 

(a) obtaining intermediates by protecting the hydroxyl groups of myo- or scyllo- 
20 inositol; 

(b) obtaining inositol polymers by coupling two or more of the intermediates 
obtained in step (a); 

(c) introducing one or more amino acids to the inositol polymer obtained in step 
(b) by acylation; and 



(D 


wherein 



, where n is an integer in the range of 1 to 12; 
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(d) introducing guanidinium groups to the amino acid N-terminal of the inositol 
polymer. 

The inositol derivative of formula (I) according to the present invention 
has an inositol skeleton having multiple guanidine groups in the side chains, 
S which may exist as various isomers depending on die suhstitution pattem. 
Further, the inventive inositol derivative of formula (I) can be an inositol dimer 
(p=0), an inositol trimer (p=l) or an inositol tetramer (p=2), the inositol dimer and 
trimer being more preferred. 

In a preferred embodiment of the invention, n is an integer in the range of 
10 3 to 8. Such a compound having said n value shows an improved efiicacy in the 
molecular transportation across a biological membrane. 

A preferred inositol derivative according to the present invention is 
represented by formula (XV): 
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Wherein R' , R', R' and X are the same as defined above. 

S The substituents R^ and R^ of the mositol derivatives of formulae (JS) to 

(IV) may be therapeutic molecules such as drugs and diagnostic reagents, which 
can be attached to the inositol derivatives through fimctional groups thereof. 
Such cargo molecules may be drugs with molecular weight ranging from 100 to 
1500 g/mol, and may be polymer compounds such as peptides and nucleic acids. 

10 In a preferred embodiment of the invention, the inositol derivative may be 

an inositol dimer coupled via a carbonate, carbamate, ester or amide link, having 
guanidinium side chains through varying chain lengths, as shown in formulae (II) 
to (IV). 

The inositol derivative in accordance with the present invention can easily 
15 transport physiologically active molecules such as drugs, diagnostic reagents or 
fluorescent tags attached thereto across a biological membrane, e.g., plasma 
membrane, nuclear membrane and blood-brain barrier. 

The inositol derivatives of formulae (Q) to (TV) can be prepared by the 
following steps of: 

20 (a) obtaining intermediates by protecting tiie hydroxyl groups of myo- or scyllo- 
inositol; 

(b) obtaining inositol polymers by coupling two or more of the intermediates 
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obtained in step (a); 

(c) introducing one or more amino acid residues to the inositol polymer obtained 
in step (b) by acylation; and 

(d) introducing guanidine groups to tiie amino acid N-terminal of the inositol 
5 polymer. 

Specifically, in step (a), hydroxyl groups of myo- or ^'cy/Zo-inositol are 
protected regioselectively according to any of tiie known methods, e.g., the 
method described in [Chung, Sung-Kee et al., Daewoo Science Book series, 
Natural Science 122, Minumsa (1998)]. Preferred intermediates obtained in step 
10 (a)arethoseofformulae(V)to(XIII): 



(vm) (K) (X) 



wherein R', R", 1 and m are the same as defined above, Bn is benzyl, and PMB is 
^-methoxybenzyl. 

The compounds of formulae (V) to (VII) are intermediates for preparing 
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the compound of formulae (II). The compounds of foraiulae (V) and (VI) may 
each be prepared by synthesizing 2,3:5,6-di-0-isopropylidene-myo-inositol from 
myo-inositol and protecting 1-OH or 4-OH thereof regioselectiVely with 
appropriate protecting groups, as shown in Scheme 1. 

5 

<Scheme 1> 


.OH 

(V) 


my«|lno8ltol 


OPMB 



wherein TBDMS is tert-butyldimethylsilyl, PMB is j7-methoxybenzyl and Bn is 
benzyl, 

10 The use of ;nyc>-inositol, as a stairting material for the preparation of 

compound of formula (11) is advantageous in terms of low price and simplicity of 
the preparation process. However, the compound of formula (II) prepared from 
myo-inositol is a diastereomeric mixture, as shown in Scheme 1. Accordingly, in 
order to avoid the complexity associated with the diastereomeric mixture, either of 

15 the compounds of formulae (III) and (IV) may be employed to prepare the 
compound of formula (I). 
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The compounds of formulae (VIII) to QC) are intermediates for preparing 
the compound of formulae (HI)- The compounds of formulae (VIII) and (IX) 
may be prepared by synthesizing l,6:3,4-di-0-isopropylidene-m;/o-inositol from 
myo-inositol and protecting 2-OH or S-OH hereof regioselectively with 
S appropriate protecting groups, as shown in Scheme 2. 

<Scheme 2> 



(K) (M) 


wherein Bz is benzoyl, and PMB and Bn are the same as defined in Scheme L 
10 The compounds of formulae (XI) to (XIBL) are intermediates for preparing 

the compound of formulae (IV). The compoimds of formulae (XI) and pCD) 
may each be pr^ared by synthesizing l,6:3,4-di-0-isopropylidene-5cy//o-inositol 
firom myo-inositol by inversion of 2-OH via Mitsunobu reaction and protecting 2- 
OH or 5-OH thereof regioselectively with appropriate protecting groups, as shown 
15 in Scheme 3. 

<Scheme 3> 
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cm (XI) 


wheiein Bz, Bn and PMB are the same as defined in Schemes 1 and 2. 

In accoidance with Schones 2 or 3, a piire stereoisomer may be obtained. 

Further, the compounds of formulae (VII), QC) and (Xm) containing 
5 carboxylate and amine groups may each be prepared by regioselectively alkylating 
the compound of formulae (V), (VI), (VHI), (IX), (XI) or (XII) having one (1) 
hydroxyl group. For example, the process for preparing the compound of 
formula (XHI) is shown in Scheme 4. The compounds of formulae (VII) and (X) 
may each be prepared in a similar manner. 

10 

<Scheme 4> 



(XI) 


wheiein R', R", 1, m, Bn and Bz are the same as defined above. 

In step (b), an inositol polymer may be prepared by coupling two or more 
IS intermediates obtained in step (a) according to the method described in [The 
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Chemical Synthesis of Peptides, J. Jones, Clarendon Press, Oxford, 1991] using 
various functional groups (X and X*) and then, removing the acetonide protecting 
groups. The functional groups and X*) play the role of a linker in the 
coupling of inositol derivative units. Various linkers available in the relevant art 

5 may be used as X and X* in flie present invention, especially -0-C0-0-, -O-CO- 
NH-(CH2)m-0-, -0-CO-(CH2)rO- or -0-(CH2)rCO-NH-(CH2)m-0- (wherein m is 
an integer in the range of 2 to 5, and 1 is an integer in the range of 1 to 5); 

In step (c), one or more amino acids having various chain lengths may be 
introduced into the inositol polymer obtained in step (b) by way of using a 
10 condensing agent such as dicyclohexylcarbodiimide or l-[3- 
(dimethylamino)piopyl]]-ethylcarbodiimide hydrochloride. 

The amino acid having a various side chain length used in the present 
invention may be obtained from commercially available co-amino acid, and 
preferred is an aminoalkanoic acid of formula (XTV) having the amino residue 

15 protected as described in [Protective Groups in Organic Synthesis 3"* Ed. T. W. 
Greene and P. G. M. Wuts, Wiley-Interscience, 1999]: 

H02C-(CH2)n-NH(§) (XIV) 

20 wherein n is an integer in the range of 1 to 12, and ® is a protecting group. 

The above acylation reaction may be performed having conq>ound of 
formula (XTV) in an amoimt ranging from 10 to 20 equivalents based on 1 
equivalent of the inositol polymer obtained in step (b) at a temperature ranging 
from 0 to 60 "C , for a period ranging from 5 to 96 hours. 

25 In step (d), a guanidinium group is introduced into the N-traminal of the 

amino acid residues of the inositol polymer after the amino acid protective group 
such as t-Boc (tert-butyloxycarbonyl group) is removed, by reacting the inositol 
polymer with JV;iV-di-Boc-iNr -trifluoromethanesulfonylguanidine in the pres^ce 
of a base in an organic solvent iV;iV^di-Boc-iV'-trifluoromethanesulfonylguanidine 

30 may be prepared according to the method described in [T. T. Baker et al., J. Org. 
Chem. 2000, 65, 9054], as shown in Preparation Examples 10 and 11. 
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Exemplary organic solvents that may be used in step (d) are 
dimethylformamide, chloroform and ethyl acetate, and the base may be 
triethylamine* The above reaction may be performed at a temperature ranging 
from 0 to 60 for a period ranging from 12 to 120 hours. 
S In steps (b) to (d), the intermediates of formulae (V) to (XIII) may be 

coupled in various combinations to give the compounds of formulae (II) to (IV). 
One embodiment of the method for preparing the inositol derivative in accordance 
witib the present invention is shown in Scheme S. 

10 <Scheme 5> 



fluorescent tag 


wherein R\ and n are the same as defined above. 

As shown in Scheme S, the inositol derivative having the form of inositol 
dimer coupled via a carbonate (X=-0-CO-0-) linker and carrying guanidine 
15 groups is prepared by coupling the compounds of formulae (V) and (VI) in the 
presence of a condensing agent. Specifically, the compound of formula (VI) is 
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coupled to the compound of formula (V) and the acetonide protecting group is 

eliminated therefrom. Then, amino acids having various chain lengths (i.e., R^) 
protected by t-Boc are introduced to the inositol dimer by way of acylation, the 

PMB protecting group is eliminated therefrom, and then, the inositol dimer is 
5 marked wi& a fluorescent tag such as dansyl (S-dimethylamino-1- 

naphthalenesulfonyl, i.e., R^) and FITC-I (fluorescein isothiocyanate). 

Thereafter, t-Boc protecting groups are eliminated and guanidiniimi groups are 

introduced to the deprotected amino acid N-terminals to obtain the inositol 

derivative of the present invention. 
10 Further, a therapeutic molecule (a drug) or a diagnostic reagent (i.e., R') 

can be conjugated to tibie inositol derivative after removing the benzyl protecting 

group, for example. 

Inositol derivatives having inositol units linked to each other via ester 

(X=-O-CO.(CH2)r0-), amide (X=-0-(CH2)rCO.NH-(CH2)m-0-), and carbamate 
15 (X=-0-C0-NH-(CH2)m-0-) bridges can be prepared by the method described in 

[The Chemical Synthesis of Peptides, J. Jones, Clarendon Press, Oxford, 1991]. 

The inositol derivative of formula (I) of the present invention may be 

prepared from an intermediate other tibian the exenq)lified intermediates, the 

conqpounds of formulae (V) to (Xm), by a similar process comprising coupling 
20 and introducing amino acids having guanidinium groups. 

The inositol derivative in accordance with the present invention may be a 

conjugate of a therapeutic molecule such as a drug and a diagnostic reagent. 

Therefore, the inositol derivative according to the present invention is effective in 

significantly enhancing the transportation of various therapeutic molecules across 
25 a biological membrane, which includes the plasma membrane, nuclear membrane 

or blood-brain barrier. 

The following Examples are intended to further illustrate the present 
invention without limiting its scope. 

30 

Preparation Example 1: (±)-l,4-Di-0-benzoyl-2,3:5,6-di-0-isopropylidene-/Myo- 
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inositol 

^o-inositol (50 g, 278 minol), 2,2-dimethoxypropane (150 ml, 1.2 mol) 
and /7-toluenesulfonic acid (1 g, 5.2 mmol) were dissolved in dimethylformamide 
(200 ml) and refluxed at 100 "C for 21 hours. The mixture was cooled to room 

5 tenq)erature, triethylamine (10 ml) was added thereto and filtered. Toluene (25 
ml) was added to the filtrate and the solvoit was removed under a reduced 
pressure. The resulting residue was dissolved in pyridine (150 ml), and then, 
benzoyl chloride (200 ml, 1.74 mol) was added dropwise thereto with a syringe at 
0*0 over a period of 30 minutes. Thereafter, the mixture was stirred for 2 hours 

10 at room temperature, the precipitate formed was filtered, and washed successively 
with pyridine, water, acetone and dietibyl ether, to obtain the title compound (35.55 
g) as a white solid. 
m.p. = 322-325 V 

*H-NMR (CDCI3): 1.30, 1.43, 1.50, 1.63 (each s, 3H), 3.73 (dd, J = 9.6Hz, 11.1 
15 Hz, IH), 4.36 (dd, J = 9.6 Hz, 10.6 Hz, IH), 4.41 (dd, J = 4.5 Hz, 9.6 Hz, IH), 
4.78 (dd, J = 4.5 Hz, 4.5 Hz, IH), 5.42 (dd, J = 4.5 Hz, 10.6 Hz, IH), 5.60 (dd, J = 
9.6 Hz, 11.1 Hz, IH), 7.45 (m, 5H) 

Preparation Exaniple 2: (±)-2,3:5,6-Di-0-isopropylidene-/ii)'o-inositol 
20 (±)-l,4-Di-0-benzoyl-2,3:5,6-di-0-isopropylid«ae-myo-inositol obtamed 

in Preparation Example 1 (35.5 g, 75.8 nmiol) and NaOCHa (2.41 g, 45.48 mniol) 
were dissolved in CH3OH (500 ml) and refluxed for 16 hours. The mixture was 
cooled to room temperature, the solvent was evaporated off and then, CH2CI2 (700 
ml) was added thereto. The mixture was filtered through silica bed, and the 
25 filtrate was concentrated to obtain the title compoimd (1 8.2 1 g) as a white solid. 
m.p. = 169-171 t: 

'H-NMR (CDQa): 1.38, 1.46, 1.48, 1.54 (each s, 3H), 2.36 (d, J = 8.8 Hz, IH), 
2.45 (d, J = 2.9 Hz, IH), 3.32 (dd, J = 9.4 Hz, 10.5 Hz, IH), 3.83 (dd, J = 9.4 Hz, 
9.4 Hz, IH), 3.90 (ddd, J = 2.9 Hz, 6.4 Hz, 10.5 Hz, IH), 4.02 (ddd, J = 4.8 Hz, 
30 8.8 Hz, 9.4 Hz, IH), 4.08 (dd, J = 4.8 Hz, 6.4 Hz, IH), 4.48 (dd, J = 4.8 Hz, 4.8 
Hz, IH) 
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Preparation Example 3: (±)-l-0-t-butyldimethylsilyl-23:S»6-di-0-isopropylM^ 
myo-inositol 

(db)-2»3:S,6-Di-0-isopropylidene-mvo-mositol obtained in Preparation 
5 Example 2 (6 g, 23 mmol) and imidazole (5.2 g» 76 mmol) were dissolved in 
dimethylformamide (70 ml), and then, tert-butyldimethylsilyl chloride (3,8 g, 25 
mmol) was added thereto at OtJ, followed by stirring the mixture at room 
temperature for 14 hours. The mixture was extracted with ethyl acetate and the 
extract was washed with saturated NaCl and NaHCOa solutions, dried over 
10 MgS04, and concentrated under a reduced pressure. The concentrate was 
purified using column chromatography (ethyl acetate : hexane - 1 : 1 to 10) to 
obtain the title compound (5.84 g) as a white soUd. 
m.p. = 148-150 t: 

*H-NMR (CDCI3): 0.14 (s, 6H), 0.93 (s, 9H), 1.35, 1.42, 1.44, L53 (each s, 3H), 
15 2.87 (brs, IH), 3.26 (dd, J = 9.4 Hz, 10.4 Hz, IH), 3.87 (dd, J = 6.4 Hz, 10.4 Hz, 
IH), 3.90 (dd, J = 9.4 Hz, 10.4 Hz, IH), 3.97 (dd, J = 4.4 Hz, 4.6 Hz, IH), 4.03 
(dd, J = 4.4 Hz, 10.4 Hz, IH), 4.29 (dd, J = 4.4 Hz, 4.4 Hz, IH) 

Preparation Example 4: (±)-4-0-benzyl-2,3:5,6-di-0-isopropylidene-l-0-t- 

20 butyldimethylsilyl-myo-inositol 

(±)-l-0-t-butyldimethylsilyl-2,3:5,6-di-04sopropylidene-m;;a-inositol 
obtained in Preparation Example 3 (5.76 g, 15 mmol) was dissolved in CH2CI2 
(100 ml), and then, silver oxide (I) (10.7 g, 46 mmol), benzyl bromide (5.47 ml, 
46 mmol) and tetrabutylammonium iodide (0.55 g, 1.5 mmol) were added tiiereto, 

25 followed by stirring the mixture at room temperature for 2 hours. The resulting 
solution was filtered through celite, washed with CH2CI2, and then, concentrated 
under a reduced pressure. The concentrate was purified using column 
chromatography (ethyl acetate : hexane = 1 : 40) to obtain the title compound 
(4.91 g) as a white solid. 

30 m.p. = 89 t; 

^H-NMR (CDCI3): 0.12 (s, 6H), 0.90 (s, 9H), 1.31, 1.35, 1.40, 1.41 (each s, 3H), 
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331 (t, J = 9.7 Hz, IH), 3.65 (dd, J = 6.6 Hz, 10.4 Hz, IH), 3.85 (t, J - 9.3 Hz, 
IH), 3.98 (dd, J = 4.3 Hz, 10.1 Hz, IH), 4.07 (t, J 5.6 Hz, IH), 4.27 (t, J = 5.6 
Hz, IH), 4.80 (s, 2H), 7.21-7.40 (m, 5H) 
MS (FAB) m/z 465.21 (M^+ H) 

5 

Preparation Example 5: (±)-4-0-benzyl-2,3:5,6-di-0-isopropylidene-myo-inositol 
[compound of formula (V)] 

(±)-4-0-benzyl-2,3 : 5,6-di-O-isopropylidene- 1 -O-t-butyldimethylsilyl- 
inyo-inositol obtained in Preparation Example 4 (4.6 g, 9.9 monol) was dissolved 

10 in tetrahydrofuran, and then, tetrabutylammonium fluoride (1.0 M solution in THF, 
29.7 ml, 29.7 mmol) was added thereto, followed by stirring the mixture at room 
temperature for 7 hours. The resultant was extracted with ethyl acetate and ttie 
extract was washed with saturated NaCl. The organic layer was dried over 
MgS04 and concentrated. The concentrate was crystallized from hexane to 

1 5 obtain the title compound (3.7 g) as a white solid. 
m.p. = 131 V 

^H-NMR (CDCI3): 1.33, 1.36, 1.43, 1.46 (each s, 3H), 2.40 (d, J = 8.4 Hz, IH), 
3.39 (t, J = 9.6 Hz, IH), 3.65 (dd, J = 6.4 Hz, 10.4 Hz, IH), 3.78 (t, J = 9.8 Hz, 
IH), 3.94-4.02 (m, IH), 4.18 (t, J = 5.6 Hz, IH), 4.24 (t, J = 4.9 Hz, IH), 4.80 (s, 
20 2H), 7.22-7.40 (m, 5H) 

Preparation Example 6: (±)-l-0-p-methoxybenzyl-2,3:5,6-di-0-isopropylidene- 
/wyo-inositol [compound of formula (VI)] 

(±)-2,3 :5,6-Di-0-isopropylidene-/7iyo-inositol obtained in Preparation 

25 Example 2 (5.59 g, 20 mmol) was dissolved in dimethylformamide (90 ml), and 
then NaH (0.96 g, 40 mmol) and /7-methoxybenyl chloride (3.2 ml, 24 mmol) were 
added thereto, followed by stirring the noixture at room temperature. At the 
completion of the reaction after 10 hours, reaction mixture was quenched with 
water at 0 . The resultant was extracted with CH2CI2 and the extract was washed 

30 with saturated NaHCOs. The organic layer was dried over MgS04 and 
concentrated. The concentrate was purified using column chromatography (ethyl 
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acetate : hexane = 1 : 1 to 2) to obtain the title compound (2.2 g) as a white solid. 
m.p. = 153-154 1C 

*H-NMR (CDCI3): 1.32, 1.44, 1.46, 1.52 (each s, 3H), 2.27 (d, J = 2.5 Hz), 3.24 
(dd, J = 10.1 Hz, 10.1 Hz, IH), 3.75 (dd, J = 4.3 Hz, 10.1 Hz, IH), 3.79 (s, 3H), 
5 3.83-3.92 (m, 2H), 4.01 (dd, J = 10.1 Hz, 10.1 Hz, IH), 4.27 (dd, J = 4.3 Hz, 4.3 
Hz, IH), 4.71 (dd, J = 12.1 Hz, IH), 4.82 (d, J = 12.1 Hz, IH), 6.86 (d, J = 8.6 Hz, 
2H), 7.32 (d, J = 8.6 Hz, 2H) 

Preparation Example 7: 4-Boc-aminobutanoic acid 

10 4-Aminobutanoic acid (1 g, 9.7 mmol) was dissolved in tert-butyl alcohol 

(15 ml), 5N NaOH (1.93 ml, 9.7 mmol) was added thereto, and the mixture was 
stirred at room temperature for 10 minutes. Di-tert-butyl-dicarbonate (2.33 g, 
10.7 mmol) dissolved in tert-butylalcohol (17 ml) was added thereto and stirred 
for 24 hours at room temperature. Water (12 ml) was added thereto and the 

15 resultant was concentrated under a reduced pressure and cooled to 0 *C. Then, 
2N H2SO4 was added thereto dropwise until pH of the mixture became 2. The 
resultant was extracted with ethyl acetate and the extract was washed with water. 
The organic layer was dried over MgS04 and concentrated to obtain the title 
compound (2.1 g) as a white solid. 

20 m.p. = 57-58 IC 

^H-NMR (CDCI3): 1.45 (s, 9H), 3.19 (m, 2H), 4.70 (brs, IH) 
MS(FAB)m/z 226.07 (I^+Na) 

Preparation Example 8: 6-Boc-aniinohexanoic acid 

25 6-Aminocaproic acid (10 g, 76 mmo) was dissolved in tert-butylalcohol 

(100 ml), 5N NaOH (15 ml, 76 mmol) was added thereto, and. the mixture was 
stirred at room temperature for 10 minutes. Di-tert-butyl-dicarbonate (18.3 g, 83 
mmol) dissolved in tert-butylalcohol (100 ml) was added thereto and stirred at 
room temperature for 24 hours. Then, water (100 ml) was added thereto and the 

30 mixture was concentrated under a reduced pressure, cooled to 0 °C, and tiien, 2N 
H2SO4 was added thereto dropwise imtil pH of the mixture became 2. Thereafter, 
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the resultant was extracted with ethyl acetate, the extract was washed with water, 
dried over MgS04 and concentrated. The concentrate was purified using coliimn 
chromatography (ethyl acetate : toluene : acetic acid 20 : 10 : 03) to obtain the 
title compound (17.9 g) as a white solid. 
5 m.p.== 38-39 t! 

*H-NMR (CDCI3): 1.30 (m, 2H), 1.40 (s, 9H), 1.50 (m, 2H), 2.28 (t, J = 7.4 Hz, 

2H), 3.01 (m, 2H) 

MS (FAB) m/z 254.09 (M^+ Na) 

10 Preparation Example 9: 8-Boc-aminooctanoic acid 

8-Aminocaprylic acid (970.3 mg, 6.1 mmol) was dissolved in tert- 
butylalcohol (14.7 ml), 5N NaOH (1.44 ml, 6.1 mmol) was added thereto, and the 
mixture was stirred at room temperature for 10 minutes. Di-tert-butyl- 
dicarbonate (1.46 g, 6.7 mmol) dissolved in tert-butylalcohol (10 ml) was added 

15 thereto and stirred at room temperature for 24 hours. Then, water (10 ml) was 
added thereto and the mixture was concentrated imder a reduced pressure, cooled 
to 0 X^y and then, 2N H2SO4 was added thereto dropwise until pH of the mixture 
became 2. The resultant was extracted with ethyl acetate, the extract was washed 
with H2O, dried over MgS04 and concentrated. The concentrate was purified 

20 using column chromatography (ethyl acetate : toluene : acetic acid = 20 : 10 : 0.3) 
to obtain the title compound (1.78 g) as a white solid. 
m.p. = 57-58 1C 

*H-NMR (CDCI3): 1.30 (m, 6H), 1.45 (s, 9H), 1.46 (m, 2H), 1.63 (m, 2H), 2.34 
(t, J = 7.4 Hz, 2H), 3.10 (m, 2H) 
25 MS (FAB) m/z 282.18 (M^+ Na) 

Preparation Example 10: JV;iV-Bis-Boc-guanidine 

Guanidine hydrochloride (4 g, 42 mmol) and 4N NaOH (42 ml, 0.1 mol) 
were dissolved in 1,4-dioxane (80 ml) and cooled to 0 "C. Di-tert-butyl- 
30 dicarbonate (20 g, 92.1 mol) was added thereto and warmed to room temperature, 
followed by stirring the mixture for 18 hours. The solvent was evaporated off 
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until the volume thereof became 1/3, and then, water added thereto. The 
resultant was extracted with ethyl acetate, and the extract was washed 
successively with 10% citric acid, H2O and saturated NaCl, dried over MgS04, 
and concentrated. The concentrate was purified using colimm chromatography 
5 (CH2CI2 : MeOH = 20 : 1) to obtain the title compound (6.47 g). 
m.p. = 144-145 t; 

^H-NMR (DMS0-d6): 1.39 (s, 18H), 8.47 (brs, 2H), 10.42 (brs, IH) 

Preparation Example 11: JV,iV-Di-Boc-iV-trifluoromethanesulfonylguanidine 
10 iV^iV^Bis-Boc-guanidine obtained in Preparation Example 10 (6.05 g, 23 

nunol) was dissolved in CH2CI2 (40 ml), trie&ylamine (4.8 ml, 34.5 mmol) was 
added thereto. Triflic anhydride (3.9 ml, 25.3 nunol) was added dropwise to the 
mixture with a syringe at -78 and warmed to room temperature over 4 hours 
followed by stirring at room temperature for 3 hours. The resulting solution was 
15 washed with 2N H2SO4 and water, dried over Na2S04 and concentrated. The 
concentrate was purified using colimm chromatography (CH2CI2), crystallized 
from hexane to obtain the title compound (7.09 g) as a white solid. 
m.p. = 114-115 V 

*H-NMR (DMSO-d6): 1.45 (s, 18H), 11.45 (brs, 2H) 
20 MS (FAB) m/z 392.03 (M*" + H), 414.16 (Jst + Na) 

Preparation Example 12: 2-O-benzoyl-myo-inositol orthoformate 

Afyo-inositol (50 g, 278 mmol), trimethyl orthoformate (63 ml, 570 mmol) 
and /7-toluenesulfonic acid (2.0 g) were dissolved in dimethylformamide (200 ml), 

25 stirred at 120 1C for 7 hours and the resulting solution was evaporated off at 
50 1C over 2 hours. ' Pyridine (100 ml) and then benzoyl chloride (35 ml, 299 
mmol) were added thereto dropwise at 0 tJ, followed by stirring the mixture at 
room temperature for a day. Distilled water (10 ml) was added to the mixture, 
stirred for 30 minutes, diluted with ethyl acetate and washed successively with 

30 saturated NaHS04, NaHCOa and NaCL The organic layer was dried over 
MgS04, filtered, concentrated and the concentrate was crystallized from ethyl 
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acetate to obtain the title compound (35.S g) as a white solid. 
ra.p. = 206-207 

'H-NMR(acetone-d6, with drops of D2O): 84.26 (m, IH), 4.37 (m, 2H), 4.50 (t, J = 
3.8 Hz, 2H), 5.52 (d, J = 1.3 Hz, IH), 5.57 (app q, J = 1.9 Hz, IH), 7.50-8.11(m, 
5 5H) 

Preparation Example 13: 2-O-benzoyl-myo-inositol 

2-O-benzoyl-myo-inositol orthoformate obtained in Preparation Example 
12 (10 g, 34 mmol) was dissolved in CH3OH (200 ml), /y-toluenesulfonic acid 
10 (646 mg, 3.4 mmol) was added thereto, followed by stirring the mixture at 60 

for 3 hours. The mixture was cooled to room ternperature, left for a day and 
crystallized. The precipitation formed was filtered, washed with CH3OH and 
ethyl acetate to obtain the title compound (8 g) as a white solid. 
m.p. = 240-242 

15 'H-NMR(CD30D- DMSO-dfi): 6 3.30 (t, J = 8.9 Hz, IH), 3.66 (dd, J = 2.6, 9.7 Hz, 
2H), 3.73 (dd, J = 8.9 Hz, 9.7 Hz, 2H), 5.69 (t, J = 2.6 Hz, IH), 7.51-8.09 (m, 5H) 

Preparation Example 14: 2-0-benzoyl-l,6:3,4-di-0-isopropylidene-mvo-inositol 

2-0-benzoyl-7»yo-inositol obtained in Preparation l^ample 13 (5.0 g, 17.6 

20 nunol) and 2-metho:i^r(q)ene (10.1 ml, 105.5 mmol) were dissolved in 
dimethylformamide (100 ml), /^■toluenesulfonic acid (335 mg, 1.76 mmol) was 
added in portions thereto at 0 "C, followed by stirring the mixture at room 
temperature for 20 hours. The mixture was poured to saturated NaHCOa solution 
(200 ml), extracted with ethyl acetate (400 ml), and the extract was washed with 

25 saturated aq. NaCl (400 ml). The organic layer was dried over MgS04, 
concentrated, and purified using column chromatography (ethyl acetate : hexane = 
1 : 3 to 1 : 1) and fractional crystallization (ethyl acetate and n-hexane) to obtain 
the title coinpound (2 g) as a white solid. 
m.p. = 181-183 t; 

30 ^H-NMR(CDCl3): 5 1.40, 1.48 (each s, 6H), 2.97 (d, J = 1.5 Hz, IH), 3.83 (dd, J = 
2.1 Hz, 8.4 Hz, 2H), 4.09-4.15 (m, 3H), 6.06 (t, J = 2.1 Hz, IH), 7.47-8.09 (m. 
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5H) 

MS (FAB) m/2 387 (M^+ Na), 365 (M*+ H) 

Preparation Example IS: (db).293-0-isopropylidene-mya-inositol 
S A^yo-inositol (SO g, 277 inmol)^ 2,2-diinefhoxypropaiie (8S inl» 691 mmol) 

and /7-toluenesulfomc acid (SOO mg, 2.6 mmol) were dissolved in 
dimeihylsulfoxide (160 ml), followed by stirring the mixture at 90 to 100 1C for 
an hour. The mixture was cooled to 20 , and ethyl alcohol (200 ml) and ether 
(1 L) were added thereto, followed by stirring the mixture for 2 hours. 
10 Triethylamine (10 ml) was added thereto, and the mixture was stirred for 4 hour. 
After completion of the reaction, tiie mixture was filtered, washed with 
CHaOH/ether (1:S, 240 ml) and crystallized using ethanol to obtain die title 
compound (SI g) as a white solid. 
m.p.- 165-166 1C 

15 ^H-NMR (CDCI3): 6 1.32, 1.47 (each s, 3H), 3.09 (app. t, J = 9.1 Hz, IH), 3.53 
(dd, J = 9 Hz, 9.3 Hz, 2H), 3.90 (app.t, J = 8.7 Hz, IH), 4.34 (app. t, J = 9.3 Hz, 
IH) 


Preparation Example 16: (±)-l,4,5,6-Tetra-0-benzyl-2,3-0-isopropylidene-myo- 
20 inositol 

(±)-2,3-0-isopropylidene-myo-inositol obtained in Preparation Example 
15 (20 g, 90.8 mmol) and NaH (47.5 g, 1090 mmol) were dissolved in 
dimethylformamide (600 ml), benzyl bromide (108.02 ml, 908 mmol) was added 
thereto at 0 TC, followed by stirring the mixture for 2 hours. The resulting 

25 solution was warmed to room temperature, stirred for 20 hours. After 
completion of the reaction, the mixture was extracted with ethyl acetate, the 
extract was washed with saturated NaHCOa and NaCl, and dried over MgS04. 
The resultant was evaporated off and purified using colimin chromatography 
(ethyl acetate : hexane = 1 : 9) to obtain the title compound (45 g) as a syrup. 

30 ^H-NMR (CDCI3): 8 1.37, 1.55 (each s, 3H), 3.42 (t, J = 8.7 Hz, IH), 3.88 (dd, J = 
3.7 Hz, 8.8 Hz, IH), 3.79 (dd, J = 7.0 Hz, 9.5 Hz, IH), 3.99 (app. t, J = 8.5 Hz, 
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IH), 4.10 (app. t, J = 6.2 Hz, IH), 4.27 (dd, J = 3.8 Hz, 5.5 Hz, IH), 4.72-4.90 (m, 
8H), 7.22-7.40 (m, 20H) 
MS (FAB) m/z 603 (M*+ Na) 

5 Preparation ExAtaple 17: (±)-l,4,5,6-Tetra-0-betizyl-myo-inositol 

(±)-l ,4,5,6-Tetra-0-benzyl-2,3-0-isopropylidene-myo-inosistol obtained 
in Preparation Example 16 (42 g, 72.38 mmol) was dissolved in 80% acetic acid 
solution (290 ml), stirred at 100 "C for 3 hours, and the solvent was evaporated 
off and concentrated. The concentrate was crystallized from ethyl acetate- 

10 hexane (1 :2) solution to obtain the title con^pound (36.5 g) as a white solid. 
m.p. = 126.5-127 t; 

'H-NMR (CDCI3): 5 2.40 (d, 4.5 Hz, IH), 2.45 (s, IH), 3.44-3.51 (m, 3H), 3.85 
(^p. t, J = 9.5 Hz, IH), 4.0 (app. t, J =9.5 Hz, IH), 4.21 (br s, IH), 4.7-4.97 (m, 
8H), 7.25-7.40 (m, 20H) 
15 MS (FAB) m/z 563 (M^+ Na) 

Preparation Example 18: (±)-l-0-benzoyl-2,3,4,5-tetra-0-benzyl-*cy//o-inositol 

(±)-l,4,5,6-Tetra-0-benzyl-2,3-0-isopropylidene-myo-inositol obtained in 

Preparation Example 17 (30 g, 55.53 mmol), triphenylphosphine (17.5 g, 66.63 
20 nmiol), benzoic acid (8.1 g, 66.63 mmol) and diethyl azodicarboxylate (10.5 ml, 

66.63 mmol) were dissolved in toluene (300 ml) and stirred at 80 to 85 for 4 

hours. After completion of the reaction, the solvent was evaporated off and the 

product was purified using column chromatography (ethyl acetate : hexane =1:2) 

to obtain the title compound (30.8 g) as a solid. 
25 m.p.= 135-136 1C 

*H-NMR (CDCI3): 8 2.45 (s, IH), 3.55-3.77 (m, 5H), 4.7-5.0 (m, 8H), 5.39 (app. t, 

J =9.8 Hz, IH), 7.10-8.05 (m, 25H) 

MS (FAB) m/z 667 (M*"+ Na) 

30 Preparation Example 19: l-0-benzoyl-5cy//o-inositol 

(±)-l-0-benzoyl-2,3,4,5-tetra-0-benzyl-*cy//o-inositol obtained in 
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Preparation Example 18 (8 g, 12.4 mmol) and 20% Pd(OH)2/C (43 g) in 
CHiCii/CHjOH (1:2, 210 ml) solution were shaken under Hi (SO psi) for 24 hours. 
The mixture was filtered, and the filtrate was evaporated off and the product was 
crystallized from CH3OH to obtain the title compound (3.6 g) as white solid. 
5 m.p.- 245-247 X: 

^H-NMR (CD3OD): 5 3.30-3.40 (m, 3H), 3.55 (app. t, J - 9.2 Hz, 2H), 5.1 (t, J= 
9.7 Hz, IH), 7.45-8.1 (m, 5H) 
MS (EI) m/z 284 (NO 

10 Preparation Example 20: l-0-benzoyl-2,3:5,6-di-0-isopropylidene-5C);//o-inositol 
l-O-benzoyl-ifcyZ/o-inositol obtained in Preparation Example 19 (6 g, 
21.11 mmol) and /7-toluenesulfonic acid (400 mg, 2.1 mmol) were dissolved in 
dimethylformamide (100 ml), 2-methoxypropene (20.2 ml, 211.14 mmol) was 
added dropwise thereto at room temperature over a period of 30 minutes. The . 

15 mixture was stirred for 22 hours at room temperature and then poured into 
saturated NaHCOa solution, followed by vigorous stirring the mixture. The 
resulting solution was extracted with ethyl acetate, the extract was dried over 
MgS04 and evaporated off. The crude residue was crystallized firom ethyl 
acetate-hexane (2:1) and purified by column chromatography (ethyl acetate: 

20 hexane = 1 : 1) to obtain the title compound (2. 1 g). 
m.p. = 284-286 

^H-NMR (CDCI3): 5 1.44, 1.48 (each s, 3H), 2.46 (d, J = 2.8 Hz, IH), 3.76 (app. t, 
J = 9.4 Hz, 2H), 3.88 (app. t, J = 9.4 Hz, 2H), 4.13 (dt, J - 2.8 Hz, 8.8Hz), 5.7 (t, J 
- 9.3 Hz, IH), 7.27-8.1 (m, 5H) 
25 MS (FAB) m/z 365 (Ist+ Na) 

Preparation Example 21: 4-0-(l '-imidazolylcarbonyl)-2,3:5,6-di-0- 
isopropylidene-l-C?-/?-methoxybenzyl-myo-inositol 

1 -0-/7-methoxybenzyl-2,3 : 5,6-di-O-isopropylidene-myo-inositol obtained 
30 in Preparation Example 20 (2.2 g, 5.8 mmol) was dissolved in toluene (40 ml), 
CaH2 (0.59 g, 13.3 mmol) and carbonyldiimidazole (2.35 g, 15.4 nmiol) were 
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added thereto, followed by stirring the mixture for 11 hours at room temperature. 
The mixture was filtered and filtrate was evaporated off, and the product was 
purified using column chromatography (ethyl acetate : hexane 1:1) to obtain the 
title compound as a white solid (2.6 g). 

5 m.p. = 144-145 1C 

'H-NMR (CDCI3): 1.35, 1.46, 1.45, 1.63 (each s, 3H), 3.49 (dd, J = 9.3 Hz, 11.4 
Hz, IH), 3.80 (s, 3H), 3.84 (d, J = 4.2 Hz, IH), 4.17 (dd, J = 2.4 Hz, 5.4 Hz, IH), 
4.21 (d, J = 9.6 Hz, IH), 4.32 (dd, J = 4.5 Hz, IH), 4.74 (d, J = 12.0 Hz, IH), 4.86 
(d, J = 12.0 Hz, IH), 5.35 (dd, J = 6.9 Hz, 11.1 Hz, IH), 6.89 (d, J = 8.7 Hz, 2H), 

10 7.05 (dd, J = 0.6 Hz, 1. 5Hz, IH), 7.35 (d, J = 8.7 Hz, 2H), 7.42 (dd, J = 1.5 Hz, 
IH), 8.12 (s, IH) 
MS (FAB) m/z 497 (M*+ Na) 

Preparation Example 22: 2-0-benzoyl-l,6:3,4-di-0-isopropylidene-5-0-/?- 

15 methoxybenzyl-wyo-inositol 

2-0-benzoyl-l,6:3,4-di-0-isopropylidene-iwyo-inositol obtained in 
Preparation Example 14 (1 g, 2.74 mmol), Ag20 (1.27 g, 5.49 mmol), p- 
methoxybenzyl chloride (744 ^1, 5.49 mmol), molecular sieve 4 A (powder, 1 g) 
and tetrabutylammonium iodide (101 mg, 274 )imol) were dissolved in CH2CI2 

20 (10 ml) and stirred at room temperature for 30 hours. Then, tiie product was 
purified using column chromatography (ethyl acetate : hexane — 1:2), and 
recrystallized using ethyl acetate and hexane to obtain the title compound (837 
mg) as a white solid. 
m.p. = 150-152 'C 

25 *H-NMR(CDCl3): 5 1.35, 1.44 (each s, 6H), 3.77 (dd, J = 9.5 Hz, 2.0 Hz, 2H), 
3.80 (s, 3H), 3.87 (t, J = 9.1 Hz, IH), 4.15 (t, J = 9.3 Hz, IH), 4.80 (s, 2H), 6.0 (t, J 
= 1.9 Hz, IH), 6.87 (d, J = 8.8 Hz, 2H), 7.35-7.57 (m, 5H), 8.0 (d, J = 8.3 Hz, 2H) 
MS (FAB) m/z 507 (M*+ Na), 485 (M^+ H) 

30 Preparation Example 23: l,6:3,4-Di-0-isopropylidene-5-0-^-methoxybenzyl- 
myo-inositol [compound of formula (Vm)] 
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2-O-benzoyl- 1 ,6:3,4-di-0-isopropylidene-5-0-p-methoxybenzyl-myo- 
inositol obtained in Preparation Example 22 (700 mg, 1.45 mmol) was dissolved 
in CH3OH (15 ml), NaOCHa (66 m1, 25% in CH3OH, 0.29 mmol) was added 
thereto and refliixed for 2 hours. The resulting solution was cooled to room 
5 temperature and left for a day. The precipitate formed was filtered and the 
filtrate was washed with CH3OH and ethyl acetate to obtain the title compound 
(484 mg) as a white solid. 
m.p. = 191-192 t; 

*H-NMR(CDCl3): 5 1.48, 1.50 (each s, 6H), 2.22 (brs, IH), 3.59 (dd, J = 9.4 Hz, 
10 2.1 Hz, 2H), 3.82 (s, 3H), 3.82 (t, J = 9.4 Hz, IH), 4.12 (t, J = 9.3 Hz, 2H), 4.58 
(broad d, J = 1.9 Hz, IH), 4.80 (s, 2H), 6.89 (d, J = 8.6 Hz, 2H), 7.37 (d, J = 8.6 
Hz,2H) 

MS (FAB) m/z 403 (1^+ Na) 

15 Preparation Example 24: 2-0-benzyl-l,6:3,4-di-0-isopropylidene-5-0-j:7- 
methoxybenzyl-myo-inositol 

l,6:3,4-Di-0-isopropylidene-5-0-/?-methoxybenzyl-my£>-inositol obtained 
in Preparation Example 23 (280 mg, 0.736 mmol) was dissolved in 
dimethylformamide (5 ml), NaH (70 mg, 55%, 1.47 mmol in mineral oil) was 

20 added thereto at 0 and wanned to room temperature, followed by stirring the 
mixture for 30 minutes. Benzyl bromide (256 mg, 1 .47 nmiol) was added thereto, 
stirred at room temperature for 1 hour and saturated NaHCOa (50 ml) was added 
thereto to terminate the reaction. The resultant was diluted using ethyl acetate 
(300 ml), washed with saturated NaHCOa (50 ml) and NaCl (50 ml), and the 

25 organic layer was dried over Na2S04 and purified using column chromatography 
(ethyl acetate : hexane = 1:2) to obtain tibe title compound (320 mg) as a white 
solid. 

m.p. = 180-181 r 

^H-NMR(GDCl3): 5 1.47, 1.48 (each s, 6H), 3.62 (dd, J = 9.5 Hz, 2.0 Hz, 2H), 
30 3.80 (t, J = 9.2 Hz, IH), 3.82 (s, 3H), 4.20 (t, J = 9.3 Hz, 2H), 4.37 (t, J = 2.0 Hz, 
IH), 4.80, 4.85 (2s, 4H), 6,90 (dm, J = 6.7 Hz, 2H), 7.27-7.39 (m, 8H) 
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Prepaiation Example 25: 2-C>-benzyl-l,6:3,4-di-0-isopropylidene-myo-inositol 
[compound of fomiula (DC)] 

5 2-0-benzyl-l,6:3,4-di-0-isopropylidene-5-0-/^•methoxybell:qrl-myo- 

inositol obtained in Preparation Example 24 (283 mg, 0.60 mmol) was dissolved 
in CH2CI2, Mn(OAc)3 (449mg, 1.8 mmol), 2,3-dichloTo-5,6-dicyano-l,4- 
benzoquinone (147 mg, 0.65 mmol) were added thereto at room temperature and 
stirred for 12 hours. Saturated NaHCOa (30 ml) was slowly added thereto, and 

10 diluted with etiiyl acetate (50 ml). The organic layer was washed vnOi distilled 
water (30 ml x 2 times) and brine, dried over Na2S04, evaporated and purified 
using column chromatography (ethyl acetate : hexane = 1 : 2 to 1 : 1) to obtain the 
title compound (176 mg) as a white solid. 
m.p. = 190-191 

15 *H-NMR(CDCl3): 8 1.48, 1.49(2s, 12H), 2.44 (brs, IH), 3.64 (dd, J = 9.1 Hz, 1.9 
Hz, 2H), 4.02 (m, IH), 4.13(t, J = 9.4 Hz, 2H), 4.40 (t, J = 2.0 Hz, IH), 4.85 (s, 
2H), 6.90 (dm, J = 6.7 Hz, 2H), 7.27-7.40 (m, 5H) 
MS (FAB) m/z 373 (M*+ Na) 

20 Preparation Example 26: 2-0-(l'-imidazolylcarbonyl)-5-0-/>-methoxybenzyl- 

l,6:3,4-di-0-isopropylidene-inyo-inositol 

1 ,6:3,4-Di-0-isopropylidene-5-0-/7-methoxybenzyl-myo-inositol obtained 

in Preparation Example 23 (150 mg, 0.39 mmol) was dissolved in toluene (3 ml), 

CaHa (41 mg, 0.9 mmol) was added thereto at room temperature and stirred for 20 
25 minutes. Carbonyldiimidazole (170 mg, 0.98 mmol) was added thereto, stirred 

for 36 hours. The resulting mixture was filtered and the filtrate was concentrated. 

The concentrate was purified using column chromatography to obtain the titie 

compound (1 84 mg) as a white solid. 

m.p. = 159-162 "C 

30 *H-NMR(CDCl3): 5 1.41, 1.49 (each s, 6H), 3.80 (dd, J = 9.5, 2.3 Hz, 2H, H-1 & 
H-3), 3.83 (s, 3H, OCH3), 3.90 (t, J = Hz, 9.0Hz, IH, H-5), 4.05 (t, J = 9.3 Hz, 2H , 


wo 2005/085159 PCT/KR2004/001982 

28 

H-4 & H-6), 4.82 (s, 2H, PHCHt), 5.92 (t, J = 2.2 Hz, IH , H-2), 6.91 (dt, J = 8.7, 
2.9 Hz, 2H, Ph), 7.13 (dd, J = 1.54, 0.7Hz, IH, imidazole), 7.38 (dt, J = 8.65, 2.7 
Hz, 2H, Ph) 7.44 (t, J = 1.4 Hz, IH, imidazole), 8.17 (s, IH, imidazole) 
MS(FAB)m/z 475(M*+1) 

5 

Preparation Example 27: l-0-benzoyl-4-0-benzyl-2,3:5,6-di-0-isopropylidene- 
^cyZ/o-inositol 

l-0-benzoyl-2,3:5,6-di-0-isopropylidene-iScy//o-inositol obtained in 
Preparation Example 20 (200 mg, 0.549 mmol), silver oxide (I) (381 mg, 1.64 

10 mmol) and tetrabutyl ammonium iodide (40 mg, 0.109 mmol) were dissolved in 
CH2CI2, and then, benzyl bromide (0.19 ml, 1.64 mmol) was added dropwise 
thereto at room temperature. After 2 hows, the mixture was filtered through 
celite, and the filtrate was washed with CH2CI2. The combined organic layer was 
dried over MgS04, concentrated and the concentrate was pxirified using column 

15 chromatography (ethyl acetate : hexane = 1:9) to obtain the title compound (200 
mg) as a white solid. 
m.p. = 175-176 r 

^H-NMR (CDCI3): 6 1.44, 1.46 (each s, 6H), 3.81-3.9 (m, 5H), 4.86 (s, 2H), 5.58 
(app. t, J = 9.3 Hz, IH), 7.25-7.56 (m, 7H), 8.06 (d, J = 8.7 Hz, 2H) 
20 MS (FAB) m/z 478 (M^+ Na) 

Preparation Example 28: l-0-benzyl-2,3:5,6-di-0-isopropylidene-5cy//o-inositol 

[compound of formula (XII)] 

1 -0-benzoyl-4-0-benzyl-253 : 5,6-di-0-isopropylidene-.scy/to-inositol 
25 obtained in Preparation Example 27 (200 mg, 0.44 mmol) was dissolved in 

CH3OH (15 ml), NaOCHs (0.04 ml, 0.17 mmol, 25% w/v in CH3OH) was added 

dropwise thereto and refluxed for 3 hours. The resulting solution was cooled to 

room temperature and filtered through silica gel, and the filtrate was concentrated. 

The residue was washed with 5% ethyl acetate in hexane to remove the methyl 
30 benzoate. The title compound (1 50 mg) was obtained as a white solid. 

m.p. = 215-216 r 
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'H-NMR (CDCI3): 8 1.46 (s, 12H), 2.41 (d, J = 2.7 Hz, IH), 3.63 (t, J = 9.1 Hz, 
4H), 3.71 (t, J = 9 Hz, 4H), 3.87 (t, J = 8.9 Hz, IH), 4.1 (app. t, J = 9.1 Hz, IH), 
4.83 (s, 2H), 7.26-7.39 (m, 5H) 
MS (FAB) m/z 373 (M*+ Na) 

5 

Preparation Example 29: l-0-j>methoxybenzyl-2,3:5,6-di-0-isopropylidene- 
5cy//o-inosit61 [compound of formula (XI)] 

l-0-benzoyl-2,3:5,6-di-0-isopropylidene-5cy//o-inositol prepared in 
Preparation Example 20 (300 mg, 0.85 mmol) was dissolved in 

10 dimethylformamide (10 ml), NaH (57.8 mg, 60% in mineral oil, 1.44 mmol) was 
added thereto at 0 IC. After 20 minutes, p-methoxybenzyl chloride (0.12 ml, 
0.93 mmol) was added dropwise to the reaction mixture at 0 and then a 
catalytic amount of tetrabutylammonium iodide was added. Reaction mixture 
was stirred at room temperature for 4 hours and saturated NaHCOa (50ml) was 

15 added to terminate the reaction. The resulting mixture was extracted with ethyl 
acetate and the extract was washed with water and brine. The organic layer was 
dried over MgS04, concentrated. The crude product was dissolved in CH3OH 
(15 ml), and NaOCHs (0.05 ml, 0.057 mmol, 25% w/v in CH3OH) was added. 
The resulting mixture was refluxed for 3 hours, cooled to room temperature, and 

20 filtered through silica gel. The filtrate was combined and concentrated and the 
resulting residue was purified using column chromatography (etiiyl acetate : 
hexane = 1:3) to obtain the title compound (210 mg). 
m.p. = 198-200 V 

•H-NMR (CDCI3): 6 1.47 (s, 12H), 2.41(brs, IH), 3.59-3.63 (m, 5H), 3.65 (s, 3H), 
25 3.80 (app. t, J = 9.1 Hz, IH), 4.76 (s, 2H), 6.87 (d, J = 9 Hz, 2H), 7.33 (d, J = 9.1 
Hz,2H) 

MS (FAB) m/z 403 (M*+ Na) 

Pr^aration Example 30: l-0-benzyl-4-0-(l-imidazolylcarbonyl)-2,3:5,6-di-0- 
30 isopropylidene-5cy//o-inositol 

l-0-benzyl-2,3:5,6-di-0-isopropylidene-jcy//o-inositol prepared in 
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Preparation Example 28 (70 mg, 0.19 mmol) was dissolved in toluene (6 ml), 
CaH2(21 mg, 0.49 mmol) was added thereto at room temperature for 20 minutes. 
Then, caibonyldiimidazole (81 mg, 0.49 mmol) was added thereto and stirred for 
18 hours. The mixture was filtered and the filtrate was purified using column 
S chromatography (ethyl acetate : hexane = 1:1) to obtain the title compound (87 
mg) as a white solid. 
m.p. = 214-216 V 

'H-NMR(CDCl3): 5 1.45, 1.47 (each s, 6H), 3.80-3.87 (m, 5H), 4.85 (s, 2H, 
PhCHa), 5.45 (app.t, J = 1.9 Hz, IH , H-1), 7.07 (s, IH), 7.29-7.42 (m, 6H), 8.16 
10 (s, IH) 

MS(FAB) m/z 445(M^+ 1), 467(M^+ Na) 

Preparation Example 31: 4-0-allyl-2,3:5,6-di-0-isopropylidene-ffcy//o-inositol 

l-<9-benzoyl-2,3:5,6-di-0-isopropylidene-Jcy/to-inositol obtained in 

15 Preparation Example 20 (500 mg, 1.37 mmol) was dissolved in 
dimethylformamide (10 ml), NaH (9.8 mg, 60% in mineral oil, 2.47 mmol) was 
added thereto at 0 V. After 1 0 minutes, allyl bromide (0. 1 8 ml, 2.05 mmol) was 
added thereto, followed by stirring tiie mixture at room temperature for 20 hours. 
Thereafter, the reaction mixture was diluted with water (50ml) and resultant was 

20 extracted using ethyl acetate. The organic layer was washed with water and 
saturated NaCl, dried over MgS04 and concentrated. The concentrate was 
purified using column chromatography (ethyl acetate : hexane = 3:7) to obtain 4- 
0-allyl-l-0-benzoyl-2,3:5,6-di-0-isopropylidene-scy//o-inositol (450 mg). 

The obtained 4-0-allyl-l-0-benzoyl-2,3:5,6-di-0-isopropylidene-5cv//o- 

25 inositol (400 mg, 0.989 mmol) was dissolved in CH3OH (12 ml), NaOCHa (0.09 
ml, 0.395 mmol, 25% w/v in CH3OH) was added thereto dropwise and refluxed 
for 3 hoiurs. Thraeafter the resulting solution was cooled to room temperature, 
filtered through silica gel, and the filtrate was concentrated. The residue was 
washed with 5% ethyl acetate in hexane to remove the methyl benzoate. The 

30 title compound was obtained as a white solid (290 mg). 
m.p. = 200-202 "C 
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*H-NMR (CDCb): 8 1.46 (s, 12H), 2.46 (d, J = 2.7 Hz, IH), 3.57-3.68 (m, 4H), 
3.83 (t, J = 8.1 Hz, IH), 4.05 (t, J = 6.9 Hz, IH), 4.28 (d, J = 5.7 Hz, 2H), 5.21 (d, 
J = 10.2 Hz, IH), 5.33 (dd, J = 18.1 Hz, 1.5 Hz IH), 5.95 (m, IH) 
MS (FAB) m/z 301 (M*"+ 1), 323 (M*+ Na) 

5 

Preparation Example 32: 4-0-(M^-dibenzyl-2*-aminoethyl)-2,3:5,6-di-0- 
isopropylidene-scy//o-inositol 

4-0-allyl-2,3:5,6-di-0-isopropylidene-,scy//o-inositol obtained in 
Preparation Example 31 (250 mg, 0.832 mmol) and NaHCOa (139 mg, 1.66 
10 mmol) were dissolved in the mixture ofCH2Cl2 and CH3OH (6:1, 50 ml). Ozone 
was passed slowly thereto at -78 until the color of fbc solution turned to deep 
blue. Thereafter, N2 was bubbled tii^to until the blue color of the solution 
disappeared. Triphenylphosphine (327 mg, 12.49 mmol) was added to the 
solution and stirred at room temperature for 12 hours. After completion of the 
15 reduction reaction of hydroperoxide, the mixture was purified using column 
chromatography to obtain 4-0-ethanal-2,3:5,6-di-C>-isopropylidene-5cy//o-inositol 
(235 mg). The compound 4-0-ethanal-2,3:5,6-di-0-isopropylidene-5cy//o- 
inositol (150 mg, 0.496 mmol) was dissolved in dichloroethane (15 ml), and 
dibenzylamine (0.04 ml, 0.744 mmol) was added at 0-5 "C. After 10 minutes, 
20 sodium triacetoxyborohydiide (265 mg, 1.24 mmol) were added thereto, and the 
resultmg mixture was stirred at 0-5 for 1 hours and then continued for 12 
hours at room temperature. After completion of the reaction, the mixture was 
extracted with CH2CI2 (60 ml), the extract was washed with saturated NaHCOa, 
water, and brine. The organic layer was dried over MgS04, concentrated and the 
25 residue was purified by colunm chromatography (ethyl acetate : hexane —1:1) to 
obtain the title compound (180 mg) as a white solid. 
m.p.= 144-145 t; 

»H-NMR (CDQa): 8 1.44 (s, 12H), 2.70 (brs, IH), 2.74 (t, J = 6 Hz, 2H), 3.54- 
3.59 (m, 4H), 3.64 (s, 4H), 3.74 (t, J = 6.2 Hz, IH), 3.87 (t, J = 6.2 Hz, 2H), 4.0 (t, 
30 J = 6.3 Hz, IH), 7.19-7.39 (m, lOH) 

MS (FAB) m/z 484 (M:*^+ 1), 506 (M*"+ Na) 
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Preparation Example 33: 4-0-(i\r,iV-dibeiizyl-2'-aininoethyl)-l-0- 
(methyloxycarbonylmethyl)-23:5,6-di-0-isopropylidene-*cy//o-inositol 
[coiiq>ound of formula (Xm)] 

5 4-0-(MiV'-dibenzyl-2'-aminoethyl)-2,3:5,6-di-0-isopropylidene-5cv//o- 
inositol obtained in Preparation Example 32 (125 mg, 0.2S8 mmol) was dissolved 
in dimethylformamide (10 ml), Ag20 (119 mg, 0.517 mmol), methyl bromoacetate 
(50 |il, 0.517mmol) and a catalytic amount of tetrabutylammonium iodide were 
added sequentially to the reaction mixture. After stirring for 12 hours at room 

10 temperature the reaction mixture was filtered tiirough celite and the filtrate was 
conc^trated and purified using column chromatography (ethyl acetate : hexane = 
1 :2) to obtain the title compound (127 mg) as a white solid. 
m.p.= 130-132 t; 

'H-NMR (CDCii): 5 1.41 (s, 12H), 2.72 (t, J = 6 Hz, 2H), 3.58 (t, J = 6.3 Hz, 2H), 
15 3.63-3.89 (m, 13H), 4.36 (s, 2H), 7.12-7.40 (m, lOH) 
MS (FAB) m/z 556 (M*+ 1), 579 (M*+ Na) 

Pr^Miration Example 34: 4-0-(2-aminoethyl)-l-0-(methyloxycaibonylmethyl)- 
2,3:5,6-di-0-isopropylidene-5C);//o-inositol 

20 4-0-(JV,JV-dibenzyl-2'-aminoethyl)-l-0-(methyloxycarbonylmethyl)- 

2,3:5,6-di-0-isopropylidene-iScv//o-inositol obtained in Preparation Example 33 
(20 mg, 0.035 mmol) was dissolved in the mixture of CH2CI2 and methanol (1:2, 
12 ml), palladium hydroxide (20% on carbon, 9.7 mg) was added thereto, 
followed by stirring the mixture under H2 (40 psi) for 2 hours. Thereafter, 

25 reaction mixture was filtered through celite and the filtrate was concentrated. 
The product was cr^talUzed from methanol to obtain the title conqtound (14 mg) 
as a white solid. 
m.p.= 193-195 r 

*H-MMR (CD3OD): 8 1.41 (s, 12H), 3.10 (t, J = 6.0 Hz, 2H), 3.27 (dd, J = 6.5, 1.8 
30 Hz, 2H), 3 .69-3 .90 (m, 1 IH), 4.28 (s, 2H) 
MS (FAB) m/z 376 1) 
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Preparation Example 35: 4-0-(iy;iV^dibeiizyl-2*-aminoethyl)-l-0- 
(carboxymethyl)-2,3:5,6-di-0-isoproylidene^cv//o-inositol 

4-C>-(^^-dibeiizyl-2*-ammoethyl)-l-0-(inethyloxycaibonyhnethyl)- 

5 2,3:5,6-di-0-isoi»x)pyIideiie-5rcv//o-inositol obtained in Preparation Example 33 
(20 mg, 0.035 mmol) was dissolved in methanol (3 ml), NaOH pellet (4.3 mg, 
0.107 mmol) was added thereto, followed by stirring the mixture' at room 
temperature for 10 hours. The mixture was concentrated, and diluted with water 
(5ml). The aqueous layer was washed with diethyl ether (2x2 ml), and 5% aq. 

10 AcOH was added dropwise to the solution to adjust the pH ~6.5. Then, the 
aqueous layer was extracted with CH2CI2 (4x4 ml) and the combined organic 
layer was dried over Na2S04 and concentrated. The title conq>oiind was obtained 
as a white solid (13 mg). 

•H-NMR (CDCI3): 5 1.41 & 1.44 (each s, 6H), 2.77 (t, J = 5.8 Hz, 2H), 3.35-3.91 
15 (m,12H), 4.37 (s, 2H), 7.20-7.40(m, lOH) 
MS (FAB) m/z 542 (M*+ 1), 564 (M^+ Na) 

Exanq>le 1: Preparation of the compound of formula (II) (wherein X— O-CO-O- 
and n=5) 

20 1-1) Preparation of myo-inositol dimer 

The compound obtained in Preparation Example 21 (1.62 g, 3.4 mmol) 
was dissolved in toluene (21 ml), the compound obtained in Preparation Example 
5 (1.8 g, 5 mmol) and l,8-diazobicyclo[5.4.0]undec-7-ene (0.05 ml, 0.34 mmol) 
were added thereto, and the mixture was stirred at room temperature for 18 hours. 

25 The resulting solution was extracted with CH2CI2, the extract was dried over 
MgS04 and concentrated under a reduced pressure. The concentrate was 
purified by crystallization from hexane/ethyl acetate (5:1) to obtain tiie coupled 
dim^c compound (2.23 g) as a white solid. 
m.p.= 225-226 "C 

30 ^H-NMR (CDCI3): 1.10-1.72 (m, 24H), 3.35&3.36 (dd, J = 9.3 Hz, 11.0&9.5 Hz, 
11.1 Hz, 2H), 3.49 (t, J = 9.3&10.8 Hz, 2H), 3.73 (dd & t, J = 2.6 Hz, 5.8&1.4 Hz, 
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2H), 4.00-4.15 (m, 6H), 4.12 (dd, J = 5.9 Hz, 9.1&2.6 Hz, 5.9 Hz, 4H), 4.69 (t, J = 
2.5&4.4 Hz,4H), 4.82 (s, 8H), 4.95&4.96 (dd, J = 4.1 Hz, 10.5&4.1 Hz, 10.5 Hz, 
2H), 5.04&5.05 (dd, J = 6.9 Hz, 11.1&7.0 Hz, 11.0 Hz, 2H), 6.89 (d, J = 8.7 Hz, 
4H), 7.24-7.42 (m,14H) 
5 IR (KBr): 1748 cm * (CO) 

MS (FAB) m/z 779.82 (M^+ Na) 

1-2) Removal of acetonide protecting group from the wyo-inositol dimer 

A^o-inositol dimer obtained in Example 1-1) (2.21 g) was dissolved in 
10 CH2CI2 (25 ml), and then, CH3OH (24.3 ml) and /7-toIuenesulfonic acid (286.1 mg, 
1.46 mmol) were added thereto, followed by stirring the mixture at room 
temperature for 14 hours. The resultant was filtered to obtain the 7n>^o-inositol 
dimer having no acetonide group (1 .45 g) as a white solid. 
m.p. = 169 "C 

15 *H-NMR (DMSO): 3.11-3.24 (m, 4H), 3.35-3.48 (m, 5H), 3.49 (dd, J = 9.6 Hz, 
21.2 Hz, 4H), 3.74 (s, 3H), 3.90-3.97 (m, 3H), 4.25-4.33 (m, 2H), 4.53 (dd, J = 1.8 
Hz, 24.9 Hz, 4H), 4.70-4.74 (m, 12H), 4.77-4.81 (m, 2H), 6.89 (d, J = 8.6 Hz, 2H), 
7.21-7.35 (m, 5H), 7.43 (d, J = 7.1 Hz, 2H) 
MS (FAB) m/z 619 (M^+ Na) 

20 

1-3) Introduction of amino acid to the myo-inositol dimer by acylation 

The compound obtained in Example 1-2) (200 mg, 0.34 mmol), the 
compound obtained in Preparation Example 8 (1.55 g, 6.7 mmol) and N,N- 
dimethylaminopyridine (62.3 mg, 0.51 mmol) were dissolved in 

25 dimeAylformamide (4 ml), and then, l-[3-(dimethylamin6)propyl]- 
ethylcarbodtimide hydrochloride (1.3 g, 6.7 mmol) was added thereto, followed 
by stirring the mixture at room temperature for a day. After conqpletion of the 
reaction, the mixture was extracted from CH2CI2 and the extract was washed with 
saturated NaHCOs and water. The organic layer was dried ov^ Na2S04 and 

30 concentrated to obtain the title compound having eight (8) amino acid residues 
(776.6 mg) as a brown solid. 
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*H-NMR (CDCI3): 1.13-1.32 (m, 16H), 1.36 (s, 72H), 1.45-1.57 (m, 32H), 2.06- 
2.15 (m, 16H), 2.95-3.02 (m, 16H), 3.7 (s, 3H), 3.85-3.91 (m, IH), 4.22 (dd, J = 
1.9 Hz, 9.3 Hz, IH), 4.48 (d, J = 11.8 Hz, 2H), 4.55 (d, J = 6.6 Hz, 2H), 4.60-5.68 
(m, lOH), 6.76 (d, J = 8.7 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 7.10-7.26 (m, 5H) 
5 MS (FAB) m/z 2324.6 (M*+ Na) 

1-4) Removal of p-methoxybenzyl protecting group 

The compound obtained in Example 1-3) (705.1 mg, 0.31 mmol) was 
dissolved in CH2CI2/H2O (18:1) (5 ml) and cooled to 0 1C. Then, 2,3-dichloro- 

10 5,6-dicyano-l,4-benzoquinone (139.0 mg, 0.61 mmol) was added thereto and the 
mixture was stirred at room temperature. After 2 days, saturated NaHCOa was 
added to terminate the reaction and the resultant was washed with water. The 
organic layer was dried over Na2S04, and concentrated to obtain the title 
compound having no /7-methoxybenzyl protecting group (373.9 mg) as a brown 

15 solid. 

^H-NMR (CDCI3): 1.17-1.26 (m, 16H), 1.37 (s, 72H), 1.41-1:53 (m, 32H), 2.94- 
3.05 (m, 16H), 2.07-2.41 (m, 16H), 3.86-3.92 (m, 2H), 4.31-5.56 (m, 24H), 7.11- 
7.27 (m, 5H) 

MS (FAB) m/z 2204.8 (M* + Na) 

20 

1-5) Introduction of fluorescent tag 

The compound obtained in Example 1-4) (284,1 mg, 0.13 mmol) and N,N' 
dimethylaminopyridine (47.6 mg, 0.38 mmol) were dissolved in acetonitrile (4 ml), 
and then, 5-dimethylamino-l-naphthalenesulfonyl chloride (70.2 mg, 0.26 mmol) 

25 was added thereto, followed by stirring iho mixture at room temperature. Aft^ 2 
days, saturated NH4CI (8.3 ml) was added thereto and the resultant was extracted 
jfrom ethyl acetate. The extract was washed with saturated NaCl, dried over 
Na2S04, concentrated and purified using column chromatography (ethyl acetate : 
hexane = 1:1) to obtain the title compound having an introduced fluorescent tag 

30 (26 1 .7 mg) as a yellow solid. 

^H-NMR (CDCI3): 1.21 (s, 16H), 1.38 (s, 72H), 1.53-1.59 (m, 32H), 1.99-2.33 
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(m, 16H), 2.83 (s, 6H), 2.94-3.04 (m, 16H), 3.89(t, J = 9.8 Hz, IH), 4.56 (dd, J = 
12.0 Hz, 18.6 Hz, 2H), 4.69-5.54 (m, IIH), 7.11-7.29 (m, 6H), 7.50 (dd, J = 8.4 
Hz, 16.5 Hz, 2H), 8.03 (d, J = 7.5 Hz, IH), 8.18 (d, J = 7.2 Hz, IH), 8.61 (bra, IH) 
MS (FAB) m/z 2438.1 (M*+ Na) 

5 

1-6) Removal of t-Boc protecting group at tiie amino acid N-terminal 

The compound obtained in Example 1-5) (202.3 mg, 0.08 mmol) was 
dissolved in ethyl acetate saturated with HCl (8 ml). The mixture was stirred at 
room temperature for 45 minutes and the solvent was removed under a reduced 
10 pressure, to obtain the title compound having no t-Boc protecting group at the 
amino acid N-terminal (180.4 mg) as a yellow solid. 

*H-NMR (CD3OD): 1.37 (m, 16H), 1.69 (m, 32H), 2.23 (m, 16H), 2.94 (m, 16H), 
3.28-3.30 (m, IH), 3.44 (s, 6H), 4.71 (m, 2H), 4.95-5.62 (m, IIH), 7.21-7.30 (m, 
5H), 7.87-7.98 (m, 2H), 8.14 (brs, IH), 8.53 (dd, J = 8.4 Hz, 15.0 Hz, 2H), 8.95 (t, 
15 J = 3.9 Hz, IH) 

MS (MALDI-TOF) m/z 1636.2 (M*+ Na) 

1-7) Introduction of guanidinium group at the amino acid N-terminal 

The compound obtained in Example 1-6) (141.6 mg, 0.07 mmol) was 

20 dissolved in dimetiiylformamide (2.8 ml), and tdethylamine (0.4 ml, 3 mmol) and 
iy;j\r-di-Boc-JV'-trifluoromethanesulfonylguanidine (1.2 g, 3 mmol) obtained in 
Preparation Example 11 were added thereto, followed by stirring the mixture at 
room temperature. After 2 days, ethyl acetate was added thereto, and the mixture 
was washed successively with 2N NaHS04, saturated NaHCOa and NaCl 

25 solutions. The organic layer was dried over Na2S04, concentrated and purified 
using column chromatography (ethyl acetate : hexane = 1:2) to obtain the title 
compound having eight(8) guanidinium groups (93.1 mg) as a yellow solid. 
*H-NMR (CDCI3): 1.13-1.65 (m, 192H), 1.60-2.31 (m, 16H), 2.82 (s, 6H), 3.24- 
3.36 (m, 16H), 3.88 (t, J = 9.9 Hz, IH), 4.56-5.51 (m, 13H), 7.11-7.29 (m, 6H), 

30 7.51 (dd, J = 8.4 Hz, 16.2 Hz, 2H), 7.99 (d, J = 8.7 Hz, IH), 8.17 (dd, J = 0.9 Hz, 
7.5 Hz, IH), 8.22-8.28 (m, 8H), 11.46 (s, 8H) 
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1-8) Removal of t-Boc protecting group at guanidinium terminal 

The compound obtained in Example 1-7) (38 mg, 0.01 mmol) was 
dissolved in trifluoroacetic acid/CH2Cl2 (1:1) (2 ml), stirred at room temperature 
5 for 5 hours. The mixture was concentrated under a reduced pressure and water 
and ethyl acetate were added thereto. The aqueous layer was separated, collected 
and lyophilized to obtain the title compound having no t-Boc protecting group at 
guanidinium terminal (27 mg) as a yellow solid. 

^H-NMR (CD3OD): 1.13-1.35 (m, 16H), 1.42-1.61 (m, 32H), 2.13-2.43 (m, 16H), 
10 2.88 (s, 6H), 3.02-3.16 (m, 16H), 4.01 (t, J = 9.6H, IH), 4.64 (dd, J = 11.9 Hz, 
18.7 Hz, 2H), 5.01-5.61 (m, IIH), 7.16-7.28 (m, 6H), 7.52-7.66 (m, 2H), 8.00 (d, 
J = 8.6 Hz, IH), 8.27 (d, J = 7.3 Hz, IH), 8.64 (d, J = 8.5 Hz, IH) 
MS (MALDI-TOF) m/z 1973.1 (1^+ Na) 

15 1-9) Removal of benzyl (Bn) protecting group 

The compound obtained in Example 1-8) (10 mg, 3.5 nmol) was dissolved 
in methanol (1 ml), palladium hydroxide (20% on carbon, 20 mg) was added 
thereto, followed by stirring the mixture under the presence of 1 atm of H2 for 4 
hours. The mixture was filtered through celite and the filtrate was concentrated 

20 under a reduced pressure to obtain the titie conq)ound having no benzyl protecting 
group (7 mg) as a yellow solid. 

*H-NMR (CD3OD): 1.1-1.6 (m, 48H), 2.1-2.5 (m, 16H), 2.90 (s, 6H), 3.0-3.26 (m, 
16H), 3.97 (t, J - 9.9 Hz, IH), 5.0-5.7 (m, IIH), 7.29 (d, J = 7.7 Hz, IH), 7.57 (t, J 
= 8.1Hz, IH), 7.67 (t, J = 8.1Hz, IH), 8.00 (d, J = 8.5 Hz, IH), 8.30 (d, J = 7.5 Hz, 
25 IH), 8.64 (d, J = 8.7 Hz, IH) 

Example 2: Prq>aration of the compounds of formula (II) (wherein X=-0-CO-0-, 
n=3 and n=7) 

The compounds of formula (II) wherein n=3 and n=^ were similarly 
30 prepared in accordance with Example 1 employing 4-Boc-aminobutanoic acid and 
8-Boc-aminooctanoic acid obtained in Preparation Examples 7 and 9, respectively, 
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instead of 6-Boc-aininohexanoic acid as in Example 1-3). 

Example 3: Preparation of the compound of formula (III) (wherein X=-0-CO-0-) 
3-1) The compound obtained in Preparation Example 25 (42 mg, 0.12 

S mmol) was dissolved in tetrahydrofuran (5 ml), NaH (6 mg» 0.2Smmol) was added 
thereto at 0 *C and warmed to room temperature, followed by stirring die mixture 
for 25 minutes. Then, the mixture was cooled to 0 *C and the compound 
obtained in Preparation Example 26 (48 mg, 0.10 mmol) was added thereto, and 
stirred for 2 hours. The resulting solution was diluted with ethyl acetate (30 ml) 

10 and washed with saturated NaHCOa (30 ml) and brine. The organic layer was 
dried over Na2S04, concentrated and purified using colimm chromatography to 
obtain the coupled dimeric compound (29 mg). 
m.p. = 168-170 t; 

^H-NMR(CDCl3): 6 1.45, 1.46 (each s, 12H), 3.68 (app dt, J = 9.5, 2.1 Hz, 4H, H- 
15 1, H-r, H-3, H3'), 3.82 (s, 3H, OCH3), 3.82 (t, J = 9.1, IH, H.5'), 4.10 (t, J = 9.3 
Hz, 2H, H-4' & H-6'), 4.23 (t, J = 9.6 Hz, 2H, H-4 & H-6), 4.39 (t, J = 1.8 Hz, IH), 
4.79, 4.85 (2s, 4H, 2PhCH2), 5.17 (t, J = 9.6 Hz, H-5), 5.58 (t, J = 2.0 Hz, H-2'), 
6.89 (dd, J = 6.7, 1.9 Hz, 2H, Ph), 7.28-7.40 (m, 8H, Ph) 
MS (FAB) m/z 779(M^+ Na) 

20 

3- 2) Amino acids were introduced to the dimeric compoimd by* acylation 
and guanidine group were introduced to the amino acid N-terminals of the dimer 
in accordance with Example 1 to obtain the compound of formula (III). 

25 Example 4: Preparation of the compound of formula (IV) (wherein X=-0-CO-0-) 

4- 1) The compound obtained in Preparation Example 29 (43 mg, 0.11 
nmiol) was dissolved in tetrahydrofuran (2 ml), NaH (1.2 mg, 0.05 mmol) was 
added thereto at 0 and warmed to room temperature, followed by stirring the 
mixture for 15 minutes. The mixture was added to the solution of the compoimd 

30 obtained in Preparation Example 30 (50 mg, 0.11 mmol) in tetrahydrofuran(3ml) 
at 0 t;, stirred at 0 - 5 for 1.5 hours and diluted with CH2CI2 (25ml). The 
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resultant was washed with saturated NH4CO3 (30 ml) and the oiganic layer was 
dried over MgS04, concentrated and purified using column chromatography (ethyl 
acetate : hexane = 1 : 3) to obtain flie coupled dimeric compound (41 mg). 
m.p. = 284-286 V 

5 *H-NMR(CDCl3): 5 1.43, 1.47 (each s, 12H), 3.66-3.88 (m, 13H), 4.47 (s, 2H), 
4.83 (s, 2H), 5.12 (t, J = 9.3 Hz, 2H, H-6, H-6'), 6.88 (d, J = 8.7 Hz, 2H), 7.27- 
7.42 (m, 7H) 

MS (FAB) m/z 757(M*+ 1), 780CMr'+ Na) 

10 4-2) Amino acids were introduced to the dimeric compound by acylation 

and guanidine groups were introduced to tibie amino acid N-torminals of the dimer 
in accordance witii Sample 1 to obtain the conq)ound of formula (TV) wherein 

x=-o-co-o-. 

1 5 Example 5 : Preparation of formula (IV) (wherein X=-0-CH2-CO-NH-(CH2)2-0-) 
5-1) The compound obtained in Preparation Example 34 (8.3 mg, 0.022 
mmol) and the compound obtained in Prqparation Example 35 (12 mg, 0.022 
mmol) were dissolved in dimethylformamide (2.5 ml), and then, triethylamine (3 
11 1, 0.035 mmol), 1-hydroxybenzotriazole hydrate (HOBT; 3.2 mg, 0.024 nmiol) 

20 and l-[3-(dimethylamino)propyl]-ethylcarbodiimide hydrochloride (4.6 mg, 0.024 
mmol) were successively added thereto at room temperature and the resulting 
mixture was stirred for 22 hours. The mixture was diluted with ethyl acetate (15 
ml) and the organic layer was washed with NH4CI (5 ml), saturated NaHCOa (10 
ml X 2) and distilled water (5 ml x 3). The organic layer was dried over Na2S04, 

25 concentrated and purified using column chromatography (ethyl acetate : hexane = 
1:1) to obtain the coupled dimeric compound (14 mg) as a white solid. 
^H-NMR(CDCl3): 6 1.40, 1.43 (each s, 6H), 2.72 (t, J = 6.1 Hz, 2H), 3.35-3.88 (m, 
25H), 4.23 (s, 2H), 4.36 (s, 2H), 7.02 (t, J = 6Hz, IH), 7.19-7.39 (m, lOH) 
MS (FAB) m/z 899(M'+ 1), 921(M^+ Na) 

30 

5-2) Amino acids were introduced to the dimeric compound by acylation 
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and guanidine groups were introduced to the amino acid N-terminals of the dimer 
in accordance with Example 1 to obtain the compound of formula (IV) wherein 
X==.O.CH2-CO-NH-(CH2)2-. 

5 Test Example 1 : Measurement of uptake into cytoplasm 

The permeability through the plasma membrane of each of tihe compounds 
having dansyl fluorescent tag prepared in the above examples was measured and 
compared with that of arginine nonamer (Argp) which is known to efficiently cross 
a biological membrane^ and that of the intermediate prepared in Example 1-6) 
10 having no guanidine group as a control. 

First, a cover glass was placed on a C12 well plate and COS 7 cells 
(monkey kidney epithelial cell) were cultured thereon. The medium was DMEM 
(Dulbecco*s modified Eagle's medium) containing 10% FBS, and the cells were 
stabilized for 24 hours before culturing on a serum-free mediimi for 24 hours to 
15 starve the cells. Thereafter, the cells were treated with dansyl- Argg, the 
intermediate prepared in Example 1-6), or one of the compounds prepared in 
Examples 1 and 2 at a concentration of ^1 for S nmiutes, the cover glass was 
taken out, washed witii PBS and mounted on a slide. A section of the collected 
surface was observed with a confocal microscope equipped with Ar laser (4SS 
20 nm) to detect the fluorescent tag at a magnification x 400 (objective lens 40x and 
ocular lens lOx). The results are shown in Fig. 1 . 

Fig. 1 shows the fluorescent images of COS 7 cell slides treated with 
dansyl-Arg9 (1); the intermediate prepared in Example 1-6) having no guanidine 
groups (2); and the compounds of formula (II) in accordance with the present 
25 invention (wherein n=3, 5 and 7), respectively (3 to 5). The green fluorescent 
color shows the intensity of the emission by the permeated compound inside cells. 

As shown in Fig. 1, the compoimds according to the present invention (3 
to 5) show a higher permeability than d-Arg9 (1), and the intermediate having no 
guanidine groups fails to permeate into the cell. Among the inventive 
30 compounds, the compound having the n value of 5 (4) shows the highest 
permeability. 


wo 2005/085159 


PCT/KR2004/001982 


41 

Test Example 2: Measurement of uptake into nucleus 

The pemieability flirough the nuclear membrane of each of the 
compounds having dansyl fluorescent tag prepared in the above examples was 

S measured and compared with that of aiginine nonamer (Arg9) which is known to 
be highly permeable through a biological membrane, and also with that of the 
intermediate prepared in Example 1-6) having no guanidine groups. 

First, a cover glass was placed on a C12 well plate and mouse 
macrophage RAW264.7 cells were cultured thereon. The medium was DMEM 

10 (Dulbecco*s modified Eagle's medium) containing 10% FBS, and the cells were 
stabilized for 24 hours before culturing on a serum-firee medium for 24 hours to 
starve die cells. Thereafter, the cells were treated with RNase (100 iig/ml) at 
room temperature, and then, treated with propidium iodide (2 ^g/ml) at a constant 
temperature of 23 to 25 TC for 5 minutes to dye nucleus, followed by treating the 

15 cells with PBS 3 times. Then, the cells were treated with dansyl- Argp, the 
intermediate prepared in Example 1-6), or one of the compounds prepared in 
Examples 1 and 2 at a concentration of -7 pM for 5 minutes, the cover glass was 
taken out, washed with PBS and mounted on a slide. A section of the collected 
surface was observed with a confocal microscope equipped with Ar laser (455 

20 nm) to detect the fluorescent tag at a magnification of x 400 (objective lens 40x 
and ocular lens lOx). The results are shown in Fig. 2. 

Fig. 2 shows the fluorescent images of RAW264,7 cell slides treated with 
dansyl-Arg9 (1); the intermediate prepared in Example 1-6) having no guanidine 
groups (2); and the compounds of formula (II) in accordance with the present 

25 invention (wherein n=3, 5 and 7), respectively (3) to (5). The green color of the 
left first column shows the intensity of the fluorescence emitted by the permeated 
compound in cells, the red color of fhe middle column shows the amount of the 
dyed nucleus with propidium iodide, and the right column show the merged color 
between green and red, where the intense yellow color indicates compounds 

30 present in the nucleus. 

As shown in Fig. 2, tiie compounds according to the present invention (3 
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to 5) show a higher penneability into the nucleus than d-Arg9 (1). Among the 
inventive compounds, the compoimds having an n value of 3(3) and 7(5) show a 
higher permeability. 

Further, ionic complex formulation comprising a nnixture of a compound 
5 of formulae (II) to (IV) without a fluorescent marker in accordance- with the 
present invention and the myo-inositol phosphate having a fluorescent tag 
described in [Prestwich, G. D., Acc. Chem. Res., 29, 503 (1996); Chung S. K. et 
al. J. Org. Chem., 67, 5256 (2002)] also shows high permeability into cells. 

10 While the invention has been described with respect to the above specific 

embodiments, it should be recognized tihat various modifications and changes may 
be made to the invention by tiiose skilled in tiie art which also fall within the 
scope of the invention as defined by the appended claims. 


